As Maurice Merleau Ponty noticed in 1956: «We cannot think about nature without realizing that our idea of nature is impregnated with artifacts».
1 Each age tends to interpret nature through models derived from one of its most advanced technologies. Nature was a clock in the context of seventeenth-century mechanism, then it was described as a laboratory by eighteenth-century chemists. The breeders' activity was behind Darwin's natural selection and computers are behind the notions of genetic code and program.
Does this mean that we should reverse Aristotle's view and say that «nature is a copy of art»?
Such a statement would immediately raise the question: Where does the concept of «artifact» itself come from ? Art is always preceded by nature whether it be considered as an imitation of nature, as a transformation or as an improvement of nature. So we would be quickly trapped in a circle, if we discuss the question in abstracto.
The present paper is an attempt to disentangle this circle through a review of various strategies of chemical synthesis in the twentieth century. In characterizing the various concepts of nature involved in three differerent practices of synthesis -polymer chemistry, combinatorial chemistry and biomimetic chemistry -I will argue that the representations of nature and artifacts are mutually constructed. Like prey and predator defining their own identities though their relation, nature and artifact are continuously reconfigured through their changing relations. It is one and the same process that builds up the meaning of «natural» and the meaning of «artificial».
Plastic artifacts and rigid nature.
In contrast to wood or metals, synthetic polymers are molded. They are polymerized and shaped simultaneously. In more philosophical terms, matter and form are generated in one single gesture. This specific process undoubtedly increases the potential uses of such materials. However the triumph of synthetic polymers originated in commercial strategies as much as in their intrinsic properties. Their history is extremely important for determining how "synthetic" became a synonym of "artificial" and how the plasticity of synthetic polymers deeply transformed the perception of nature 2 .
Celluloid is always refered to as the first artificial plastic although it was made from cotton treated with nitric acid, mixed with camphor and subjected to heat and pressure. Its artificiality derived from the function assigned to this new material rather than from its composition. Celluloid was initially designed and manufactured by John Wesley Hyatt in 1870 as an imitation of ivory for billiard balls. As Robert Friedel has rightly pointed out, this was a marketing strategy rather than a representation of the intrinsic value of the material because celluloid could only have the appearance of ivory without offering its density and elasticity, two properties that matter for billiard balls 3 . In fact, celluloid, like the parkesine presented by Alexander Parkes at the London Exhibition in 1862, was an invention with no specific purpose. Unlike natural materials it was not attached to one specific function. Instead it could be used for many things, such as combs, buttons, collars and cuffs. It was a "chameleon material" which could imitate tortoise-shell, amber, coral, marble, jade, onyx, or other materials, according to the color. their product. Although it was a better material than the natural products that it replaced for certain uses, celluloid was viewed as being a cheap, nasty, deceptive imitation of the natural 4 .
A manual of household taste considered it as "inartistic and vulgar" because the authenticity and sincerity of natural materials were based on their limited potential for shapes and colors 5 .
The superiority of nature lay in its rigid order. In the same manner as Aristotle claimed that the art of Delphi knife-makers was inferior to nature because their product was multifunctional and not exclusively suited for one function, the "good taste" condemned the multifunctionality of artificial materials 6 . Thus in the late nineteenth-century, imitation of natural materials was still the key for the invention and the acceptance of new materials. Their enormous potential of uses was an obstacle rather than a key to their success. In fact, the early plastic materials raised the question: what are these artifacts good for?
Leo Baekeland, drawing lessons from the celluloid case, quickly recognized that he should not manufacture his "bakelite" -a synthetic material made from phenol and formaldehydeas an imitative substitute but as an invention which would rearrange nature in new and imaginative ways. In a best-seller telling The Story of Bakelite, published in 1924, the journalist John Kimberly Mumford inscribed the invention of bakelite within the big picture of a cosmogony. From the dawn of the world, nature had stored up the wastes of dead creatures from which the chemists would later derive wonderstuffs 7 . The "thousand uses" of bakelite -for electric appliances, radios sets, automobiles... -were no longer a weakness.
They signaled its "Protean adaptability". This proved to be a key for Baekeland's success although new natural polymers -like cellophane for instance-were still successfully launched on the market in the 1920s.
The marketing of synthetic polymers relied on two major arguments. On the one hand, the image of cheapness was re-evaluated. Promoters of synthetic polymers in America presented chemical synthesis as a cornucopia of cheap products within everyone's reach. Chemistry was envisioned as a driving force towards the democratization of material goods 8 . Chemical substitutes were also presented as pillars of stability : "one plastic a day keeps depression 4 The only domain where celluloid was uniquely suited and eclipsed all rivals -the films for photography and cinematography -both caused its triumph and its defeat. While celluloid generated a new technological concept -roll filmless flammable substitutes were actively sought out. away". They were said to provide jobs and feed the market economy thanks to the rapid obsolescence of the mass products.
On the other hand, Williams Haynes promoted chemical substitutes as a way to spare natural resources. "Modern civilization", he argued, was making unprecedented demands upon the world's stock of wood, iron, coal, copper, rubber, and petroleum. "The use of chemical substitutes releases land or some natural raw material for other more appropriate or necessary employment" 9 . Chemically manufactured substitutes would thus contribute to the conservation and protection of nature. At the same time, in breaking the traditional alliance between one material and one specific function -which was considered as the main characteristic of natural materials -the invention of substitutes opened up a broad field of potential innovations and came to epitomize the abstract notion of progress.
The campaign orchestrated in the 1930s to promote nylon, the new polyamid synthetic fiber 6-6 invented by William Carothers in Du Pont's laboratories, was an attempt to break with the image of synthetics as cheap substitutes for natural materials. The term nylon was selected after months of debate because it avoided all connotations of an artificial substitute for silk.
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The promoters of synthetic polymers went further in claiming the superiority of synthetic materials over those provided by nature. The argument was based on two rather antithetical characters of synthetics. First, because of their invariable chemical composition, they offer uniform properties and a strict control of quality whereas natural products, being always variable and mixed with impurities, must be submitted to repeated analyses and assays. This argument could apply to all manufactured products, to metals as opposed to wood, for instance. The second argument is more specific: synthetic polymers allow a large variability of forms, of uses and tastes, because they are molded. Plasticity which had been seen as a weakness, an inferiority of the artificial as compared to the natural, became the most positive value of synthetics in the mid-century.
However it was only a few decades after World War II that plastics got rid of their early connotation of cheap substitutes for natural materials. When they were used by sculptors, architects and couturiers for artistic creation they became noble materials, highly praised Barthes devoted a few pages to plastics in his review of the mythologies of modernity.
"Plastics," he wrote, "are like a wonderful molecule indefinitely changing."
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. They meant potential change, pure movement. They connoted the magic of indefinite metamorphoses to such a degree that they lost their substance, their materiality, to become pure virtualities. In turn, Jean Baudrillard used plastics to describe a paradox inherent in consumerist society: the increasing mass-production of items requires more and more ephemereal products. "In a world of plenty, fragility replaces rarity as the dimension of absence" 12 Thus plastics exemplify the "culture of the disposable"characteristic of the second half of the twentieth century.
Thus bestowed with an "unbearable lightness of being", plastics were clearly praised as unnatural. The bright colors and shiny surfaces or vinyl and formica were praised for their surface, for their superficiality, their inauthenticity. According to Meikle, they expressed "a faith in technology's capacity for transmuting nature's imperfections so as to arrive at the dazzling perfection of the artificial. » resources by contrast with the promise of welfare out of the chemical laboratory. Nature was presented as a finite collection of products rather than as a continuous process of generation.
No natura naturans, it was a natura naturata. It seems plausible that these various connotations of rigidity deeply influenced the adoption of the word "plastics" for all the family of synthetic polymers and subsequently favored the positive value attached to the artificial.
Artifacts as êtres-de raison vs stupid nature
Most of the synthetic polymers which became commodities in the twentieth century were designed by trial and error. Although big investments were made by chemical companies such The guiding principle is expressed in this advertisment of Molecular Design Ltd: "Now you can find out how well a new compound works before it does". Here is a way of producing artifacts without putting material properties to work. The creative process is no longer an interaction between physical molecules and human bodies or machines -with the pressure of money. Rather it is an interaction between an algorithm and a virtual reality.
Computational design of molecules deeply transformed the status of the artifact. First, it banished the craft dimension from the making of artifacts in the interest of rationality and
efficiency. An artificial material is basically the answer to a well-defined question, whatever . They are intended to subdue the messiness of nature to the logic of computation.
The supreme achievement would be to build up a material ab initio, using computer calculations and starting with the most fundamental information about the atoms and from the basic rules of physics. Nanotechnologies, in particular, rest on the assumption that it is possible to control the construction of a material from bottom-up. By placing atoms and molecules at selected positions, it is possible to build structures suited to a particular design atom by atom. Eric Drexler, who devoted a number of popular writings to nanotechnologies in the 1980s, announced prophetically that "nanotechnology would bring changes as profound as the industrial revolution"
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. Drexler depicted atoms and molecules as nanomachines. They are "universal assemblers" that could be used as machine tools by engineers in order to create molecular machines performing better. Improving on nature is the main objective and there is no limit to the power of those handling the "universal assemblers". . Once a the route for synthesis has been selected and optimized, in a few steps and a few months thousands of compounds are synthesized with no other purpose than being systematically stored. The idea is to obtain a "library" of substances
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. Many of them are messy mixtures and
prove useless when they are tested against proteins. However they are stored since the library should contain molecules for every possible protein target, embracing the maximum diversity without redundancy. Then with the help of computer "evolutionary algorithms", a fittest structure will be selected.
It is "rational" design because of the application of the rules of combinatorials and algorithms of selection. But it is no longer intentional. The combinatorial chemist is like the monkey randomly typing letters with the expectation that a verse of the Iliad will come out of these meaningless sequences of characters. It is assumed that all technological or medical questions will find an answer in a library of billions of structures designed by combining and Combinatorial chemistry can be considered as a special way of mimicking nature by simulating the blind processes of selection at work in the evolution of living organisms. It is nothing like copying natural structures because they are smart and well designed for specific purposes. Rather it is copying the non-teleological mechanisms of repetition and massive production of substances with imprecise shooting of the target that seems to be the rule in the molecular processes of replication
24
. Here we find the Bersgonian view of life as a spontaneous, aimless movement with no direction, no intention. Generating variability through combinations and recombinations and then selecting those variants that are useful is a blind and stupid process. The contrast with conventional chemical synthesis is striking.
Because it is a creation without design, combinatorial chemistry is hardly an "art"if we agree that all human arts are characterized by purposes or intentions. 21 In a paper entitled "unnatural acts" Roald Hoffmann reported the case of a chemist who created a slightly different structure of DNA, with hexoses instead of pentoses as the sugar building blocks of nucleic acids.
In doing "what nature chose not to do", he created "an alternative universe", which did not work but could help understand why "normal" DNA works. Both computational chemistry and combinatorial chemistry are total syntheses since they proceed from the basic units. They are both rational in the sense that they follow strict rules of design rather than the ingenium and the skills that are usually characteristic of art. The craft dimension of the artifact disappears. Whether it be a virtual macromolecule on the screen of a computer or a physical unnatural compound stored in the library of combinatorial chemists, the artifact is above all an être-de-raison. Both methods face the making of artifacts as a problem of calculus. Computation and combinatorics are agents of production. However the meaning of production is quite different. In computational chemistry producing is a demiurgic creation of virtual realities. In combinatorial chemistry production is proliferation in an attempt to exhaust all the possible combinations of elements provided by nature.
While the boundary between science and technology seems to fade away, so does the boundary between nature and art. Art is deprived of most of its traditional attributes:
intentionality, skills and ingenuity, crafts. Nonetheless the boundary between nature and art is restored by the conventions governing the patenting systems. The molecules made by rational design are considered as inventions rather than as discoveries ; hence they are patentable.
They are designed as potential market goods in a close alliance between researchers and venture capitals.
Biomimesis : nature is technology
Traditionnally a material was extracted from nature then processed for human purposes. Its structure and properties constrained the making of artifacts and determined the performance of the end-product. The quality of a violin for instance is dependent on the quality of the wood used to make it, among other factors. By contrast the advanced materials manufactured over the past three decades are no longer preconditions of the production process. They are designed as the optimal solution to a specific problem. Given a set of desired functions or performances, let us find the properties required and then design the structure combining them. This approach presided over the development of materials science and engineering in response to very specific demands raised by military and space programs in the 1960s.
Rockets, nuclear reactors, space flight, created the need for materials which were not currently available
Within a few decades of R&D on such high performance materials, however, materials scientists and engineers realized that they had to forget about the linear scheme -structure, Interdisciplinary collaborations may use various strategies. To a number of chemists it seems hopeless to improve on nature, or even to compete with nature. As Steven Boxer, a chemist from Stanford put it: "We've decided that since we can't beat them (biomolecular systems), we should join them." 28 Let's start from the building blocks provided by life -whether they be proteins, bacteria, genes -in order to achieve our own technological goals. An example is the spider silk. After it has been demonstrated that 27 Lowenstam, H.A. ; Weiner, S., On Biomineralization (Oxford University Press, Oxford, New York, 1989) . 28 Boxer Steven quoted in "Exploiting the Nanotechnology of Life", Science, 254, 29 November 1991 , p. 1308 the main thread of a variety of spider was composed of two proteins, named spiderine 1 and spiderine 2, some chemists isolated the spider's gene which encodes these two proteins, and inserted it into the mammal glands of goats. When the first yield of silk comes, then these chemists will have to learn how to spin it order to obtain mechanical properties similar to the spider's silk
29
. Using biotechnologies in order to manufacture materials for industrial purposes is a very attractive pathway: on the one hand, proteins like spiderine are beyond the reach of organic synthesis; on the other hand, for large scale production polymers produced by genetically-modified plants would be easily recyclable. However, this strategy meets the same difficulty that was pointed out by the promoters of synthetics in the 1930s : nature is too versatile, too impure to meet the requirements and standards of industrial production.
In picking up local models as solutions to their current technological problems, related to integration, miniaturization, and recycling.
Is biomimetics one more expression of the back-to-nature movement that characterized the fin-de-siècle? Beyond the arrogance of synthetic chemists is it a humble worshiping of nature? Such questions require us to disentangle our assumptions about nature.
First, material scientists look at nature through engineers's eyes with a non-dissimulated designed by nature in the data base so that inventors can more easily find useful information for their specific problems.
A second assumption is that Nature is teleological. Nature's objective was the optimization of functions in an organism in order to ensure the survival and reproduction of this organism in a particular environment. Optimization has to be evaluated in terms of the best possible compromise between the necessary functions but also in terms of cost. "Since money and energy are directly equatable," Vincent writes, "it makes sense to see how natural systems apportion their energy between various functions, and how they design materials, mechanisms and structures". To what extent can any recent advance in materials technologies really be attributed to biomimetism? To be sure, biomimetism has been fruitful, especially in the domain of biomaterials for drug delivery or artificial organs. It has inspired new ways of synthesis using all possible resources of chemistry and physico-chemistry to self-assemble elements or to obtain the rich morphologies of many natural structures. Unlike the products of computational or combinatorial techniques, these products require a lot of craft, of skill, ingenuity, imagination and a dose of indiscipline. But most of them are local prowesses whose utility is still disputable given the gap between the molecular scale and the bulk material.
In conclusion, the three cases studies here presented witness the complexity of the interplays between nature and artifact. First, there is no straightforward diachronic evolution of the representations of nature and artifact over the twentieth century.
Certainly the contrast is striking between the rigidity of nature generated by the emphasis on the plasticity conferred to synthetics during the plastic age and the plasticity or flexibility of nature that biomimetic strategies confer to nature .However it would be oversimplistic to state that the cult of artificialism prevailing in the midcentury has prompted a fin-de-siècle back-to-nature movement. In the same cultural 
